Research on ash-free sampling device and its application in the mercury testing of coal-fired flue gas  by Wu, Jiang et al.
Energy Procedia 14 (2012) 387 – 392
1876-6102 © 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the organizing committee of 2nd International 
Conference on Advances in Energy Engineering (ICAEE).
doi:10.1016/j.egypro.2011.12.887
Available online at www.sciencedirect.com
 
Available online at www.sciencedirect.com
 
Energy
Procedia  
          Energy Procedia  00 (2011) 000–000 
www.elsevier.com/locate/procedia
 
2011 2nd International Conference on Advances in Energy Engineering  
Research on ash-free sampling device and its application in 
the mercury testing of coal-fired flue gas 
Jiang Wu*, Xuewei Dai, Ping He, Lulu Zhao, Weiguo Pan, Teng Guo,Yecheng 
Wu, Tao Yang 
School of Energy and Environmental Engineering, Shanghai University of Electric Power, Shanghai 200090, P.R.China 
Abstract 
In this paper, an ash-free  sampling device of coal-fired flue gas has been developed, including the U-shaped 
sampling probe, electric heating element and thermostat, sampling ports, porous ceramic filter, which can not only be 
used for low-ash flue gas sampling and measurement, but also be able to achieve high-ash flue gas measurement. The 
developed ash-free sampling device can work at a wide temperature range from 120 ~ 650 ℃. It is adopted to 
conduct the field-testing at a coal-fired power station to measure mercury in the coal-fired derived flue gas, and the 
attained date are satisfactory and can reflect the actual power plant flue gas emissions level and speciation of mercury. 
The developed ash-free sampling device is with simple configuration and efficient function, providing an effective 
method and tool for mercury and other pollution emission measurement and their control. 
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1. Introduction 
In China’s energy structure, coal accounts for nearly 70%, and this coal-based energy structure will not 
change in a long time. Coal’s main ingredients contain carbon (around 45% -90%), hydrogen (around 
1.5% -6%), oxygen (0.5% -30%), nitrogen (0.3% - 3.5%), sulfur (0.5% -2%), and with some water (2% -
50%) and ash (10% -50%). Coal combustion flue gas contains large amount of SOx, NOx, trace heavy 
metals, CmHn, CO, CO2 and fly ash, and these gaseous, solid pollutants may form acid rain, greenhouse 
effect on the atmospheric environment, ecological environment and human body, causing extremely 
serious harm. Therefore, based on the characteristics of coal resources in China and the great demand of 
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efficient use of clean, launching coal pollutants control is the only road to realize the harmony between 
coal resources and the environment. 
In the study of coal-fired pollutant emissions, coal-fired flue gas under different atmosphere, including 
temperature, pressure and flow, the composition and content of flue gas will change, and interaction, so 
mastering the composition and content of coal-fired flue gas, formation distribution of smoke components 
is the basis of coal-fired pollutants emissions control. In the analysis of coal-fired flue gas composition 
and shape, the sampling system need to sample from the flue gas, but because of the presence of fly ash in 
the flue gas, the traditional sampling systems installed filter cylinders in the flue gas imports, with the 
sampling in progress, fly ash accumulates, some components of the flue gas  will change while passing 
through the fly ash in the cartridge, such as Hg0 of flue gas will change into Hg2+, and every 45 to120 
minutes should replace a cartridge[1]. Therefore, the traditional sampling systems are generally used only 
for low-ash in the flue gas, and only for non-continuous sampling, so it can not accurately measure the 
true concentration and shape of flue gas components. 
In this paper an ash-free sampling device of coal-fired flue gas has been developed to avoid the 
influence of coal-fired flue ash to flue gas sampling, especially the effects of fly ash to mercury testing, 
and realize accurate test of mercury concentration in the flue gas[2]. 
2. Design of Ash-free Sampling Probe 
The sampling device is an important part of the flue gas sampling and analysis system, To get accurate 
measurement value of the mercury in the flue gas, an ash-free sampling device for coal-fired derived flue 
gas is developed in this paper, which can not only be used for low-ash flue gas measurements, but also 
can be applied into high-ash flue gas measurement, besides the applicable temperature range is very broad 
in order to achieve the instantaneous sampling of coal-fired flue gas, and providing precise measurement 
of the flue gas composition and from under every atmosphere. This development of the ash-free flue gas 
sampling device consists of the U-shaped sampling probe, flange, electric heating elements and 
thermostat, sampling ports, porous ceramic bushings, jet institutions. Sampling device uses U-shaped 
structure, located porous ceramic bushings in the middle, opened three sampling ports on porous ceramic 
bushings, made a jet institution at the end of sampling probe, and U-shaped probe has built-in electric 
heating elements and thermostat [3]. The sampling device is fixed on the flue walls by flange. Coal-fired 
ash-free flue gas sampling device is as shown in Fig. 1. 
 
1. flue wall  2 .flange  3. stainless steel electric heating pipe   4 .sampling port 
5. sampling port   6.sampling port 7. porous ceramic bushing 
8.U-shaped sampling probe   9. jet institution  10.thermostat 
Fig. 1 ash-free sampling device of coal-fired flue gas 
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Jet institutions placed at the end of the sampling device are used to form a negative press, so that the 
flue gas outflow from the flue walls can flow along the U-tube with a high-speed up to 300m/s. Because 
of the high-speed flow of flue gas, the fly ash in the flue gas will not be cumulative, probably only a small 
amount of accumulation. The working process is as follows: compressed air enters into the air inlet, high-
speed airflow is generated by nozzle, and forms negative pressure in the mixing chamber, then inhales 
flue gas, and after flue gas and compressed air mixture rise pressure through rise pressure pipe, it returns 
to flue gas duct along U-shaped tube. 
The configuration of jet institution is as shown in Fig. 2[4]. The porous ceramic bushings located in the 
middle of sampling probe are used to ensure that fly ash will not enter into the sampling instruments 
during the sampling process to cause damage. Porous ceramic materials are mainly characterized by 
resistance to high temperature, high pressure, acid, alkali and organic medium corrosion, with 
controllable pore structure and high openings of porosity, and longer service life. 
Built-in electric heating elements and temperature controllers make temperature control of the 
sampling process at 120 ℃ or above, to prevent sample condensing[5]. Sampling devices can use a wide 
range of materials, 1Cr5Mo, 8Cr20Si2Ni, 1Cr13, 2Cr13, 1Cr17Ni2, etc. They have certain strength to 
meet the following sampling of 650 ℃  environment, insulation layer jacket with good insulation 
properties, to ensure the real temperature of flue gas, if there is temperature drop, electric heating 
elements and thermostat can be used to heating. 
Fig. 2   Jet device chart 
 
 3. Mercury Testing of Coal-fired Flue Gas 
In the use of the new ash-free sampling device developed in this paper, putting U-shaped sampling 
probe in flue walls that to be measured in, sealing the sampling hole; connecting the thermocouple wire 
and the sampling gun, heating box cable. After the system is fixed by the flange, then heats the sampling 
gun and heating box to 120 ℃, to prevent sample condensation. The measured flue gas gets through the 
middle of the porous ceramic bushings of sampling probe, in sequence to pass three sampling ports to 
sample, when the flue gas through the jet device which is in the end of the U-tube, the flue gas velocity is 
nearly 300m / s, so the formation of negative pressure, and fly ash under carrying of high-speed airflow is 
almost non-cumulative in the sampling device, it returns to flue walls again with the flue gas through the 
U-shaped tube. 
In this paper, Hg-SCEM(semi-continuous emission monitor) is used to test the concentration and form 
distribution of heavy metal in export flue gas of a power plant [6]. The configuration of the power station 
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is shown as Fig. 3, the flue gas of furnace exports via economizer, air preheater, ESP, then enters into 
satck and emits into the atmosphere. The sampling system directly connects to the sampling ports with 
ceramic filter to sample the flue gas, and the sampled flue gas is divided into two parts to be for the dry- 
and wet- SCEM system respectively to be for comparison test.  
The acid gases in flue gas not only harm the mercury analyzer, but also affect the measuring results of 
mercury concentration in the flue gas[7]. NaOH solution can absorb acid gases in the flue gas. In wet 
SCEM system, the speciation conditioned module finishes the flue gas preparation treatment. As 
previously mentioned, when flue gas enters into mercury speciation conditioned module, it is divided into 
three strands, Hg0，HgT and exhaust gas. In the branch flue gas of Hg0, the flue gas enters into mercury 
analyzer via KCl and NaOH solution. The mixed solution of KCl and NaOH can absorb oxidized mercury 
in the flue gas while absorbing the acid gases, making the strand flue gas of Hg0 only carries substances 
that contain only elements of the original elemental mercury without alkaline substances, it enters into 
mercury analyzer and achieves concentration of element modal mercury [8]. In the branch flue gas of HgT, 
the flue gas enters into mercury analyzer via KCl and SnCl2 solution. The mixed solution of KCl and 
SnCl2 can let Oxidized mercury be reduced while absorbing the acid gases, making the strand flue gas of 
HgT carries substances that contain elements of the original elemental mercury and mercury comes from 
reduction and that of being without alkaline substances, it enters into mercury analyzer and achieves total 
concentration of merucry. The difference between concentration of HgT and Hg0 is concentration of Hg2+. 
And for the analyzer, CVASF is applied to measure the concentration of mercury in flue gas. 
 
Fig. 3 Configuration of the power station where the simultaneous testing was conducted 
 
In Hg-SCEM, when flue gas gets through the chemical solution of mercury speciation conditioned 
module, Hg2+ is reduced to Hg0 by Sn2+ of SnCl2, whose chemical reaction is as HgCl2 + SnCl2＝SnCl4 
+Hg↑. Meanwhile, NaOH solution absorbs SO2, SO3 and H2S and other acid gases of the flue gas, and 
these sulfides and mercury may form  mercury compounds and sulfur, which can affect mercury 
speciation distribution. At the same time, these acid gases themselves may also influence the 
determination results of mercury concentration by the mercury analyzer. Therefore, NaOH solution must 
remain enough concentration to eliminate the effect of sulfide to mercury concentration as well as that of 
other acid gases on the analyzed results. In wet-SCEM system, the total mercury is attained via SnCl2 and 
NaOH solution [9]. In dry-SCEM system, Hg2+ undergoes reduction into Hg0 under the conditions of 
proper temperature with the help by the catalyst. 
Jiang Wu et al.\ / Energy Procedia 14 (2012) 387 – 392 391 Jiang Wu/ Energy Procedia 00 (2011) 000–000 5
 
4. Results and Discussion 
A simultaneous sampling between a dry- and wet-SCEM system was conducted to test mercury in 
heavy metal of flue gas. Flue gas from the probe was split into two strands, one for dry based module, and 
the other for wet based module. For Hg0, the data showed same change trend between the two methods, 
and very little difference of concrete value, so HgT became focus of attention. And two kinds of catalysts 
(cat 1 and cat 2) were used for dry based method testing. The catalyst No.1 (cat 1) helped Hg2+ undergo 
reduction to Hg0 at high-temperature while the catalyst No. 2 was at low-temperature. 
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Fig. 4 The comparison of Hg concentration in the flue gas by wet and dry-SCEM system 
 
In wet and dry (catalyst No.1 and No.2) SCEM, total mercury HgT data has the same changing trend, 
but there is a little difference of the concrete numerical value. Fig. 4 shows the result of daily average. 
And these mercury data are converted into the concentration of mercury under the condition of 3% 
oxygen levels of the flue gas. Under different operation parameters of power station boiler, the 
concentration of HgT in the flue gas ranges from 5.4μg/Nm3 to 8.3μg/Nm3 .The data between catalyst 
No.1 and wet based method has a relative error within 20%, and as to catalyst No.2. 
5. Conclusions  
In this paper, an ash-free sampling device was developed and used for field-testing of mercury in the 
flue gas at a coal-fired power station, and the main conclusions are as follows: 
1) The ash-free sampling device includes U-shaped sampling probe, electric heating element and 
thermostat, sampling ports, porous ceramic bushings and jet institutions. The measured flue gas gets 
through the middle of the porous ceramic bushings of sampling probe, in sequence to pass three sampling 
ports to sample, and when the flue gas goes through the jet device, which is in the end of the U-tube, the 
air velocity is nearly 300m/s so that the negative pressure is existed, and fly ash under carrying of high-
speed airflow is almost non-cumulative in the sampling device, and it returns to flue walls again with the 
flue gas through the U-shaped tube. 
2) The ash-free sampling device avoids the accumulation of fly ash during the sampling process of flue 
gas and prevents the fly ash from inducing oxidation and changing of speciation of some ingredients in 
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the flue gas, and it also averts frequent change of filter canister and reduces the cost. The device can not 
only be used for low-ash, ash-free flue gas measurements, but also can realize high-ash flue gas 
measurements, besides the applicable temperature range is very broad (120~650℃) in order to achieve 
the instantaneous sampling of coal-fired flue gas，and providing precise measurement of composition in 
the flue gas under every atmosphere.  
3) Using of this ash-free sampling device for the testing of mercury in coal-fired flue gas can achieve 
the desired results, and the test data can reflect the actual power plant flue gas emissions level of mercury 
and its existing form. This device system is simple and provides an effective method for the research of 
coal-fired boiler flue gas purification processing. 
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